REMARKS 

The claims have been amended to more broadly and clearly state the claimed 

subject matter. 

Claims 1 to 23 are rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claims 1 to 4 of U.S. Patent 
No. 6,397,924, in view of JP 55-165260. Claims 1, and 5-23 are rejected under 35 U.S.C. § 
1 03(a) as being unpatentable over EP 903, 1 90 and further in view of JP 592 1 5257. Claims 2- 
4 rejected under 35 U.S.C. § 103(a) as being unpatentable over EP 903,190, in view of JP 
59215257, and in view of JP 55-165260. 

Applicants respectfully traverse these rejections and respectfully request 
allowance of claims 1-23, presently pending, in view of the following remarks: 

Double Patenting Rejection of Claims 1-23 : US '924 does not disclose or 
suggest the claimed subject matter of claims 1-23 or alone or in combination with JP k 260. 
US '924 discloses a twin roll caster to be built with a modular construction in which the 
casting rolls are installed on a moveable module readily moveable into and out of the 
machine. The roll cassettes 13 are constructed so that the casting rolls 16 can be set up and 
the nip between them pre-set at the by-pass position before the cassette is installed in position 
in the caster. Col. 5, 11. 59-62. Roll cassette frame 102 carries to adjustable spacers 107 in 
the form of a worm or screw drive jack disposed beneath the rolls 16 about a central vertical 
plane between the rolls 16 and located between the two pairs of roll supports 104 so as to 
serve as stops limiting inward movement of the two roll supports thereby to define the pre-set 
nip position, i.e., the minimum width of the nip between the rolls. Col. 6, 11. 35-42. The roll 
biasing units 51 act continuously to bias the roll supports 104 inwardly toward the central 
stops to permit outward springing movement of the rolls against the pre-set biasing forces. 
Col. 6, 11. 42-45. The spacing between the rolls at the nip during casting can, therefore, be 
accurately pre-set by the centralized stops and preloading the roll biasing forces biasing the 
rolls inwardly against the stops. Col. 7, 11. 9-11. 

Accordingly, the width of the nips and in turn the thickness of the cast sheet is 
pre-set by the centralized stops in US '924. The Office Action asserts that US '924 discloses 
"setting the initial gap between the rolls at the nip which is less than the thickness of the strip 
to be cast, and gradually increasing the roll gap to accommodate the width of the initial cast 
strip". Id. page 2. Applicants respectfully disagree. To the contrary, US '924 explains that 
the casting rolls are preloaded with appropriate biasing forces as soon as the cassette has 
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installed "and it is not necessary as in previous casters to wait for metal to flow through the 
rolls to develop reactive forces resisting roll separation". Col. 7, 11. 13-16. US '924 therefore 
teaches that the width of the cast strip is determined by the preset nip spacing determined by 
adjustment of the centralized stops. The presently claimed subject matter teaches directly to 
the contrary that the initial gap set between the casting rolls in less than the thickness of the 
strip to be initially cast, and that the casting rolls are laterally moved from a pre-set initial gap 
to the desired thickness of the strip by moving a casting roll laterally against the continuous 
bias to increase the gap between the rolls to the thickness of the cast strip. 

JP '260 (translation attached hereto) is also further evidence of non- 
obviousness of the presently claimed subject matter. To the contrary, JP '260 explains that as 
part of its disclosure "a pair of rolls. . . have been previously so set as to leave a gap g' of the 
same dimensions as the desired gauge of the product, and wherein the molten metal is cooled 
by the rolls 1 an 1 and is rolled to directly manufacture the strip 5". JP '260 Translation at p. 
4, 11. 4-7 (Translation attached hereto). Again, there is no disclosure or suggestion that the 
pre-set gap between the casting rolls can or should be later increased to greater than the gap 
set between the casting rolls and causing one of the casting rolls to move laterally away from 
the other casting roll against the continuous bias to increase the gap between the rolls to the 
thickness of the initially cast strip. 

Obviousness rejection of claims 1, 5-23 : EP 903, 190 does not disclose or 
suggest the presently claimed subject matter of claims 1 and 5-23 either alone or considered 
together with JP c 257. EP ' 1 90 discloses a twin roll caster that permits accurate setting to a 
predefined appropriate width for the nip that is to be the thickness of the cast strip, generally 
on the order of a few millimeters. A roll cassette frame 102 carries two adjustable spacers 
107 disclosed beneath the rolls about a center vertical plane between the rolls and located 
between the two pairs of roll supports 104, so as to serve as stops limiting inward movement 
of the two roll supports thereby to define the minimum w idth of the nip between the rolls. 
Col. 5, 11. 52-58. Each centralized spacer 107 is in the form of a worm or screw driven jack 
having a body 108 fixed relative to the center vertical plane of the caster in two ends 109 
which can be moved on actuation of the jack equally in opposite directions to permit 
expansion and contraction of the jack to adjust the width of the nip w hile maintaining equal 
distant spacing of the rolls from the center vertical plane of the caster. Col. 6, 11. 5-13. 
"Since the biasing unit bracket acts to bias the roll support 104 inwardly against the stop it 
can be adjusted to preload the roll support with a required spring biasing force before metal 
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actually passes through the casting rolls and that biasing force will be maintained during a 
subsequent casting operation". Col. 7. 11. 15-20. 

Accordingly, there is no disclosure or suggestion in EP k 190 of setting the 
initial gap between the casting rolls at the nip less than the thickness of the strip to be initially 
cast and than casting to a thickness greater than the gap set between the casting rolls causing 
one of the casting rolls to move laterally away from the other casting rolls against the 
continuous bias to increase the gap between the rolls to the thickness of the cast strip. 

JP 59215257 (translation attached hereto) is evidence of non-obviousness of 
claims 1, 5-23, considered alone or in combination with EP M90. JP '257 teaches that where 
the gap between the rolls is set less than the desired thickness of the cast strip that the initial 
velocity of the counter- rotating casting rolls must be adjusted to correspond to the roll gap, so 
that cast strip of the thickness of the gap set is initially produced. JP 4 257 teaches that once 
the cast strip is initially produced that the roll speed is gradually adjusted in coordination with 
change of the roll speed to produce strip of increased thickness. As Figure 2 of JP '257 
shows without the coordinated gradual adjustment of roll gap and roll velocity strip cannot be 
produced. 

Specifically, JP c 257 teaches: 

After casting of metal strip with a strip gauge t\ = 2mm and 
a roil circumferential velocity Vi = 20m/min has 
commenced, the roll velocity V is next gradually increased 
and the roll gap G is gradually widened, but in this case, the 
roll circumferential velocity and the strip gauge (or 
alternatively, the roll gap) must be adjusted so that the 
point of intersection of the roll circumferential velocity V 
and the strip gauge t (or alternatively, the roll gap G) in 
Figure 2 at any point in time is within the zone Z within 
which metal strip can be cast. Thus the roll circumferential 
velocity V 2 if the desired strip gauge ti is 4mm is 
approximately lOm/min, and the operation point is point B in 
Figure 2. 

In this manner, it is possible smoothly to continuously cast 
thick gauge metal strip. 

JP '257 Translation at 4 (emphasis added). 

Thus, JP 4 257 teaches away from the present invention which provides for cast 

strip of the desired casting thickness without going through the gradual increase in thickness 

after strip has been initially cast. 
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Obviousness rejection of claims 2-4 : Claims 2-4 are rejected based on EP 
'190, in view of JP '257 and further in view of JP 55-165260. This rejection fails in its 
premise in that EP '190 and JP '257 do not disclose the claimed subject matter of claims 1. 
and 5-23 as described above. 

JP '260 does not fill the deficiencies in the disclosure of EP k 190 and JP '257. 
JP '260 does not even deal with the problem of start up of a twin roll caster. Rather, JP '260 
teaches that the strip will be cast throughout the casting run at the gap g^ set for the thickness 
of the strip to be cast. Specifically, JP '251 states that gap g^ has "been previously so set as 
to leave gap g' of the same dimensions as the desired gauge of the product". Translation at 4, 
11. 5-6. 

Accordingly, applicant respectfully request that the pending claims 1-23, as 
amended, be reconsidered, and that the claims be allowed and the application passed to issue. 
If the Examiner has any further questions or concerns regarding the patentability of the 
claims after review of this amendment and further review of the prior art cited, applicant 
respectfully requests that the Examiner call their attorney, Arland T. Stein, Esq. (317-231- 
7390) to resolve any remaining questions. 

Respectfully, 

BARNES & THORNBURG. 



Arland T. Stein 
Reg. No. 25,062 

1 1 S. Meridian Street 
Indianapolis, Indiana 46204 
Telephone: (317) 231-7390 



8 



iu JAPAN PATENT AGENCY (JP) 

1: Publication of Patent Application 

PATENT GAZETTE (A) No.59-215257 

53 Int CI. 3 Identification mark Internal Agencv Number 
B 22 D 11/06 7109-4E 

4? Publication date: 5 th December 1984 

Examination: Not requested Number of Inventions: 1 (Total 3 pages) 

54 Title of Invention: Method of Casting for Twin Roll Tvpe Continuous Casting 
Machine 

21 Patent Application Number: 58-88896 

22 Date of Application: 20 th Mav 1983 
-z Inventor: Hisahiko Fukase 

Ishikawajima-Harima Heavy Industries Co., Ltd Technical Labora- 
tories, 1 banchi, Shin Nakahara-cho, Isoroko-ku, Yokohama-shi 
Inventor: Kunio Matsui 

Ishikawajima-Harima Heavy Industries Co., Ltd Technical Labora- 
tories, 1 banchi, Shin Nakahara-cho, Isoroko-ku, Yokohama-shi 

72 Inventor: Akira Iwawaki 

Ishikawajima-Harima Heavy Industries Co., Ltd Technical Labora- 
tories, 1 banchi, Shin Nakahara-cho, Isoroko-ku, Yokohama-shi 

72 Inventor: Yutaka Yoshida 

Ishikawajima-Harima Heavy Industries Co., Ltd Yokohama No. 2 
Works, 1 banchi, Shin Nakahara-cho, Isoroko-ku, Yokohama-shi 

72 Inventor: Nobuhiro Tazoe 

Ishikawajima-Harima Heavy Industries Co., Ltd Yokohama No.2 
Works, 1 banchi, Shin Nakahara-cho, Isoroko-ku, Yokohama-shi 

7i Applicant: Ishikawajima-Harima Heavy Industries Co., Ltd 
2-1, Otemachi 2-chome, Chiyoda-ku, Tokyo 

74 Agent: Tsunemitsu Yamada, Patent Attorney, and another 

SPECIFICATIONS 

1. Title of the Invention 

Method of Casting for Twin Roll Tvpe Continuous Casting Machine 

2. Claims 

1) A method of casting for a twin roll type continuous casting machine, such 
method characterized in that, in a twin roll type continuous casting machine 
in which a plurality of rolls is disposed horizontally, molten steel is supplied 
over such rolls and metal strip is continuously extracted from the roll gap, 
the roll gap is narrowed when the melt is first supplied and casting is com- 
menced from a metal strip having a thinner gauge than the de sired gauge, 
whereupon the roll gap is widened and the circumferential velocity of the 
rolls is made lower than that when strip of a thinner gauge is cast, and strip 
with a thicker gauge is cast 
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3. Detailed Description of the Invention 

The present invention relates to a method of casting for a twin roll tvpe continu- 
ous casting machine which facilitates startup when metal strip with a thick gauge 
5 is continuously cast. 

Many different methods of continuous casting of metal strip bv means of twin 
roll type continuous casting machines have been proposed in recent years, and 
in continuous casting machines rolls 1 and 2 are disposed parallel to each other 

1 C as shown in Figure 1. Such rolls 1 and 2 are so constituted as to be capable off 
being adjusted by means of screw shafts so that the roll gap G is fitted to the 
strip gauge and are so constituted as to rotate in the directions of the arrows by a 
drive mechanism. Barrel seals are disposed above the rolls 1 and 2 and side seals 
are disposed at the two ends of the rolls 1 and 2, and the molten steel is caused to 

1 5 pool in the space enclosed bv the barrel seals and the side seals above the rolls 1 
and 2. 

When metal strip is continuously cast by means of such twin roll tvpe continuous 
casting machines, the roll gap G is adjusted to the desired dimensions and the 

2 C rolls 1 and 2 are caused to rotate in the directions of the arrows, the molten steel 

4 is supplied from the ladle 3 into the space enclosed bv the barrel seals and the 
side seals above the rolls 1 and 2, and the solidified layers that cool and are 
formed on the surfaces of the rolls 1 and 2 are withdrawn,' wherebv metal strip is 
continuouslv cast. 

25 

Thus, when the gauge of the metal strip that is cast is thick, the roll gap G is wid- 
ened and hence the molten steel that is supplied from the ladle 3 immediately af- 
ter the commencement of pouring is not able to pool in the space enclosed by the 
barrel seals and the side seals above the rolls 1 and 2 but flies through the roll 

3 0 gap forming splashes 5. For this reason, the yield and productivity- of this 

method are poor. 

Hence consideration has been given to a method of stopping the rolls 1 and 2 
when the pouring of the molten metal commences, inserting a dummv bar 

3 5 formed of asbestos or an insulating material into the roll gap, causing the rolls 1 

and 2 to rotate after the molten steel has pooled, then removing the dummy bar 
and commencing casting, but not permitting the rolls to rotate when molten steel 
is supplied and then causing the rolls to rotate after the molten steel has been 
supplied causes the problem that the molten steel between the rolls 1 and 2 cools 

4 0 and solidifies, forming a V block. 

Moreover, when the rolls 1 and 2 are caused to rotate and the dummv bar is in- 
serted into the roll gap, and the dummy bar is extracted from between the rolls 1 
and 2 a short period of time after insertion because the dummv bar cannot be too 
4 5 long, the molten steel is unable to pool over the rolls immediately after the com- 
mencement of the supply of molten steel. 
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The present invention takes account of the difficulties of emploving a dummy 
bar when thick gauge strip is continuously cast in a twin toll tvpe continuous 
casting machine, and the present invention has been created with the objective of 
enabling the commencement of casting of thick gauge metal strip, without the 
necessity for the use of a dummy bar when the supplv of molten steel com- 
mences, and without the formation of splash immediatelv after the supplv of 
molten steel commences. 

In the method envisaged by the present invention, the roll gap is set sufficiently 
narrowly as to prevent the formation of splash when the supplv of molten steel 
commences, and the roll gap is altered to the roll gap that corresponds to the de- 
sired strip gauge when the withdrawal of metal strip commences. Consequently, 
it is readily possible to commence the casting of metal strip of a thick gauge im- 
mediately after the supplv of molten steel commences without the formation of 
splash, and without the necessity to employ a dummy bar. 

A practical embodiment of the present invention is described below. 

First, the principle of the present invention is explained bv reference to the graph 
in Figure 2. There is a zone X in the strip gauge / that is continuously cast or al- 
ternatively between the roll gap G and the roll circumferential velocity V in 
which, when the strip gauge t or alternatively the roll gap G equals or exceeds a 
certain value, the molten steel splashes and leaks downwards, and there is a zone 
Y in the strip gauge t that is continuously cast or alternatively between the roll 
gap G and the roll circumferential velocity V in which, when the strip gauge t or 
alternatively the roll gap G is equal to or below a certain value and the roll 
circumferential velocity V is below a certain value, the molten steel solidifies and 
forms a V block, and there is a zone Z (enclosed by the curves (a) and (b)) be- 
tween the zones X and Y in which the metal strip can be cast. The curve (c) is 
produced when the mid-point positions between curves (a) and (b) are plotted, 
but the curve (c) can generally be represented by t = K-V' 0 - 3 . Here, K is a constant 
which varies according to steel type and the temperature conditions, but is gen- 
erally within the zone of from 8 to 10 in the case of 500 mm § twin rolls. Conse- 
quently, the values of each point on the curves (a) and (b) are approximately 
±10% in relation to the values of curve (c), and the ideal state of the zone of ap- 
proximately ±10% is the zone Z in which metal strip can be cast. Moreover, there 
is an upper limit C for the strip gauge / and the roll gap G at which a dummy bar 
is not required, within the zone Z within which metal strip can be cast. Conse- 
quently, if for example point A is the operation point below the upper limit C 
within the zone Z at which the operation of pouring the molten steel is com- 
menced, and point B is the operation point above the upper limit C within the 
zone Z at which it is possible to operate in order to obtain the desired strip 
gauge, it is still possible to cast metal strip of a thick gauge without the necessity 
to employ a dummy bar and without the development of splash from the molten 
steel, provided that the strip gauge t or alternatively the roll gap G are not varied 
so as to fall outside the zone Z, even if the operating conditions are varied from 
point A to point B. 
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Next, a specific embodiment of the invention is described. The diameter of the 
rolls 1 and 2 in Figure 1 is 500 mm o, and when mild steel (51 0C) with a strip 
gauge of 4 mm is continuously cast by means of this continuous casting machine, 
the roll circumferential velocity Vi at the commencement of casting is 20 m/min, 
5 molten steel is pooled above the rolls 1 and 2 without the use of a dummy bar, 
and metal strip with a strip gauge 1 1 of approximately 2 mm is cast first. The op- 
eration point in this case is point A in Figure 2. Consequently, there is no leak- 
age of molten steel from between the rolls 1 and 2 and no splash develops when 
operations commence. 

10 

After casting of metal strip with a strip gauge f i = 2 mm and a roll circumferen- 
tial velocity Vi = 20 m/min has commenced, the roll velocity V is next gradually 
increased and the roll gap G is gradually widened, but in this case, the roll 
circumferential velocity and the strip gauge (or alternatively, the roll gap) must 
1 5 be adjusted so that the point of intersection of the roll circumferential velocity V 
and the strip gauge t (or alternatively, the roll gap G) in Figure 2 at any point in 
time is within the zone Z within which metal strip can be cast. Thus the roll 
circumferential velocity V 2 if the desired strip gauge t 2 is 4 mm is approximately 
10 m/ min, and the operation point is point B in Figure 2. 

2 0 

In this manner, it is possible smoothly to continuously cast thick gauge metal 
strip. 

The generality of the present invention is not restricted by the preceding practi- 

2 5 cal embodiment thereof, and naturally, various modifications may be made 

thereto, provided only that they do not deviate from the spirit of the invention. 

The method of casting for a twin roll type continuous casting machine envisaged 
by the present invention does not require the use of a dummy bar and does not 

3 0 generate splash, but permits the casting of thick gauge metal strip, while facilitat- 

ing startup and permitting casting to be operated with good efficiency, and while 
improving yield because there is no loss due to splash of molten metal. 

3 5 4. Simplified description of the drawings 

Figure 1 is an explanatory drawing of the splash that is generated when the cast- 
ing of thick gauge metal strip is commenced directly, and Figure 2 is a graph 
showing the relationship between the roll circumferential velocity and the casta- 

4 0 ble strip gauge or roll gap. 

In the drawings, 1 and 2 are rolls, 3 is the ladle, and 4 is the molten steel. 

Applicant: Ishikawajima-Harima Heavy Industries Co., Ltd 
4 5 Agent: Tsunemitsu Yamada, Patent Attorney 
Agent: Seiichi Otsuka, Patent Attorney 
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Figure 1 




Roil velocity V 
Figure 2 
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B5*-204572/2B 
C89-091065 

Hoop^n. froir molten metal - by rolling 
noHen Mtal between rolls with 
circumferential grooves, for icf£- 
iron-silicon-aluroiniu» alley hoop* 
23.12.80) 
M22 P5 3 

(FtfRU ) FURUKAVA ELECTRIC CO 
2 

J89030582-B 89.06.21 (8928) UP) 
T5g rt 5 2H F* 80.12.23 (8928) U?> 
~9.06.66 7TjP-07!978 
79.06.08 79JP-07197B 
B22D-0H/06 

(089030B82) . ^ c 

Producing hoop from aoltm metal comprise, 
rolling molten metal between pair of ro * lB 
with circumferential grooves of 0.D03-0.2 air, 
deep and wider than width of hoop, grooves 
with circular or elliptic cross sectional 
shape. 

Used for makinff Fe-Si-Al alloy hoop?.. 
(J55165260-A) (4pp Dwg.No.D/8) 
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80-165260 

DIRECT PRODUCTION CF SHEET FRO!* MOLTEN KETA~ 
(2000529) FUKUKA VA ELECTRIC CO f D: THE 
K TRUCK I , SUKETUKI; KUJITA . NOBORU: UENO, 
0SAKI* MOG1 , .WSASHI 
80.12.23 J55165260, JP 55-165260 
79. 06. OS 79JP-07;978, 54-71978 
81.03.14 SECT* K, SECTION NO. 59: VOL. 5, 
NO. 39, PG. 1-5, 
B22D-011/06 
12.4 (METALS- -Cas ti ng) 
PURPOSE: To prevent the occurrence of 
cracfcing and obtain the product of the 
thickness relatively even in the width 
direction by providing the concave 
circumferential grooves of a width wider than 
the desired sheet product on the surfaces of 
the rolls which directly roll molten metal. 
CONSTITUTION: Concave circumferential grooves 
2, 2 of a width wider than the desired 
product width, for xample, arc fortr, are 
provided on the surfaces of a pair of rolls 
1, 1 which roll the molten metal of brittle 
material such as Fe-Si-Al- base alloy 
directly to a sheet. While these rolls 1, 1 
are being revolved in the arrow direction, 
molten metal is passed and cooled in the 
spacing between the rolls, whereby the 
intended sheet product is obtained. These 
provide effect such as the decrease in local 
screw-down owing to the expansion of the 
rolls, and the increase in thermal capacity 
of the central part in the width direction 
where cracking tends to occur at the passing 
of molten metal, and this helps prevent the 
occurrence of cracking even with a much 
thinner sheet product. 
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* Reference: Japanese Patent Application No. 73449 of 1980 fJP. A) 

57 Claims 

A method of manufacruring strip directly from molten metal charactenzed by a method of 
manufacturing strip in which molten metal is direcdy rolled between a pair of rolls, wherein the 

,0 surface of the said pair of rolls possesses a width greater than the desired width of the strip, and 
wherein annular grooves of a maximum depth of from 0.03 mm to 0.2 mm are provided in a re- 
cessed portion possessing a circular or ellipucally shaped cross secuon of the surface wh,ch in- 
cludes the roll shaft, and wherein molten metal is caused to flow from a nozzle whose width .s 
more narrow than the width of the annular grooves between the annular grooves of the recessed 

15 portion while the said rolls are revolving, such that the molten metal passes between the annular 
grooves and is cooled. 

Detailed Description of the Invention 

Area of application within industry 

The present invention relates to a method for the manufacture of strip by direcdy rolling molten 
20 metal between a pair of rolls. The stop formed in this manner is not more than 1 mm thick and 
is of not more than approximately 100 mm wide. 
Prior art 

Hitherto, brittle matenak such as Fe-Si-Al alloys have been difficult to work, and hence there 
have been few examples in the prior art of the direct rolling and manufacture of stnp from such 
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maienal., although there have been example, of the employment of cast .on Hat rolls for the d,- 
red rolling of stnp. 

F,gure 6 illustrate* an example of a method of direct rolling, wherein molten metal 7 is poured 
from a nozzle 8 to between a p*r of rolls 1 and 1 wh.ch are revolving « the directions indicated 

5 by the arrows and which have been previously so sec as to leave a gap g' of the same dimensions 
as the desired gauge of the product, and wherein the molten metal .s cooled by the rolls 1 and 1 
and is rolled to directly manufacture the strip 5. The shape of the orifice of the nozzle 8 that is 
employed may be appropriately selected from a circular, elhpncal or rectangular shape of a width 
corresponds to the width of the strip 5 or alternatively a plurality of such shaped orifices, and 

,0 generally such casting .3 performed under condioons of numbers of roll revolutions and so forth 
as ro ensure that the mass of strip 5 that ,s obtained per un.t time is approximately equal to the 
mass of molten metal 7 that flow from such nozzle per unit time. 
Problems addressed by the present invention 

When direct rolling iS performed by means of such flat rolls, a temperawre profile develops 
1 5 across the w.dth of such roll, and localized thermal expansion with the centre of the flat roll ex- 
hibiting the greatest temperatures causes the product to exhibit shapes m wh.ch there is greater 
thickness at the two edges a than at the centre b as shown in the cross section illustrated in Fig 
ure 7, such that .t is difficult to obtain a product exhibiting a uniform gauge across the width of 
the strip. 

20 Moreover, when a product having the shape shown in Figure 7 is produced, rolling marks be- 
come more clearly formed with greater proximity to the centre of the stnp as the rolls pass over 
the smp, such that many cracks develop m the vicinity of the centre of the stnp, and the product 
is often unsuitable for use. 

Thus, a method which would prevent the development of cracks and prov.de a relatively um- 
25 form gauge across the width of the Strip when strip is manufactured by the du-ect rolling method 
from stock wh.ch is difficult to work such as Fs-Si-Al alloys has been eagerly sought 
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Means by which such problems are resolved 

Th. inventors of the preset invention have taken account of such dem and a, . result of cx- 
penmentation and research have perfected the present mvenaon by discovering that, when the 
variations m thsckness acros* the width of the stnp due to the thermal expansion of the rolls are 

5 relatively great, such thermal expans.on may be regarded as portions of an ellipse centred on 
3"and 3" as shown in Figure 8 (a), and when such variations in thermal expans.on are relatively 
small, such thermal expans.on may be regarded approximately as portion of a cu-cle centred on 
3"' as shown in Figure 8. Thus, the present invention »s able to achieve the simultaneous pre- 
vention of the development of cracks and the manufacture of stnp wh.ch exhibits uniform gauge 

10 across the width of such stnp by previously provtding on the surfaces of the pair of rolls re- 
cessed annular groove* over portion of an ellipse or portion of a circle corresponding to the de- 
sired width of rhe strip. 
Action 

The present invention is particularly effective in enabling the manufacture by rolling of strip 
15 through the use of direct rolls from molten metal consisting of bntde materials such as Fe-M-St 
alloys. 

Thus, materials such as Fe-Si-Al alloys have poor workability, and hence hitherto cast slab has 
been prepared from such materials in order to manufacture stnp having a thickness of approxi- 
mately 0.3 mm, and such cast slab was subjected to nme-consuming methods of working such as 

20 gnnding and cutting and so forth, but the direct rolling mediod envisaged by the present inven- 
tion is most beneficial to industry in that the present invention permits the efficient provision of 
strip of Fe-Si-Al alloys, such strip having greater gauge stability than that obtainable with the flat 
toll method of the prior art, and without the development of cracks in the strip. 
The present invention is described by means of the diagrams, wherein Figure illustrates an em- 

25 bodiment of the present invention wherein annular grooves 2 and 2 are provided in the surfaces 
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of th, pan" of rolls 1 and 1, such annular groove* caking the for™ of for cvamp.e recessed ellipses 
which possess widths greater than the desired w.dth of the stop »o be manufactured, and 
wherein, while the rolls 1 and i are revolving in the direction, indicated by the arrows, molten 
metal passes through the gap between the sa,d rolls 1 and 1 and ,s cooled thereby, whereby the 

5 intended strip is obtained. 

When the aforementioned roils 1 and 1 are employed, the effects of, first, the diminished local- 
.zed reduction due to the expans.on of the rolls, and secondly, the urease in the heat at the 
centre of the width of the strip, at which cracking readily develops when the molten metal passes 
through die gap between the rolls, serve to prevent the development of cracking, even tn yet 

10 diinner Strip. 

The w.dth of the stnp may be selected according to the shape of the onf.ee of the nozzle, the 
area of the cross section of the nozzle, die roll diameter, and the roll rotational velocity and so 
forth, but the width of the aforementioned grooves 2 that are disposed upon the surfaces of the 
rolls must be greater than the width of the intended stnp, and the shape of the recessed annular 
1 5 grooves 2 may be a portion of a circle 4 centred on 3 as shown in Figure 2 (a), or a pornon of an 
ellipse 4' centred on 3' and 3' as shown in Figure 2 (b). 

Moreover, the depths of the aforementioned recessed annular grooves 2 vary according to the 
temperature of the molten metal and the gauge of the strip, but are preferably between 0.03 mm 
and 0.2 mm, and more preferably between 0.05 mm and 0.1 mm. 
20 Jf the depths are not more dian 0.03 mm, the wo effects described in the foregoing are reduced 
and approach those obtained with strip from flat rolls (Figure 7), and readily develop cracking, 
while on the other hand, if the depths are not less than 0.2 mm, the curvature of the strip in- 
creases laterally as shown in Figure 3, and the gauge of the strip is variable. 

Furthermore, the widths of die recessed annular grooves 2 as desenbed in the foregoing are 
25 greater than the w.dth of the strip 5 because if the w.dths of the annular grooves 2 are smaller 
than the width of the strip 5, that portion of the.- snip that docs not fall into the annular grooves 
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exhibits the same effect, as those acmcved With flat roils, and a. shown in (ugurc 4, a lustrous 
surface 6 with crades at the two edges of the stnp 5 is obtained. 

The outer Circumference and number of revolution, (cn-cumferenaal velocity) of the rolls 1 and I 
and so forth may be set appropriately, but generally, thin stnp is caster to manufacture with 
smaller roll diameters. However, this »S also affected by the number of revolunons of the rolls, 
and hence the number of revolutions of the rolls must be increased as the outer diameters of the 
roils are reduced. 
Practical embodimentB 
Practical Embodiment 1 

A pair of rolls 1 and 1 (roll diameters 200 mm *, total width W - 43 mm) formed of S45C arid 
which possess recessed annular grooves 2 which form near arcs of depth d = 0.1 mm and width 
w - 20 mm as shown in Figure 5 are set in such a manner as to leave a gap between of the rolls 
at the rwo ends of the rolls of g = 0.3 mm and a maximum gap of 0.5 mm, and molten metal 
having a composition of Si 9,6 wt%, Al 6.2 wt°/o and with the balance consisting of Fe is per- 
15 mined to fall naturally from a rectangular nozzle 8 having a width of 10 mm and a depth of 0.8 
mm between the rolls 1 and 1 while such rolls are revolving at a constant velocity of 100 rpm, 
and such molten metal is rolled directly. 

As a result, directly rolled strip having a lateral gauge of 0.4 mm and a width of 11.5 mm is ob- 
tained; no micro cracks are observed in such stnp. 

20 Practical Embodiment 2 

Hollow roUs (roll diameters 200 mm +, total width W = 43 mm) formed of S45C and which pos- 
sess recessed annular grooves 2 which form near arcs of depth d = COS mm and width w = 15 
mm as shown in Figure 5 arc set in such a manner as to leave a gap between of the rolls at the 
rwo ends of the rolls of g = 0.3 mm and a maximum gap of 0.5 mm, and direct rolling is pet- 

25 formed under the same conditions and by the same method as for Practical Erabodimcnr 1 . 
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As a result, stnp 5 having a wid* of 12 mm and a gauge of 0.4 mm is obtained. «n this case, 
sinrihdy to the results achieved with Practical Embody, 1 , no nucro crack, arc observed, and 
the strip is of sufficient quality for use as finished product. 

For purposes of comparison, a pair of hollow Oat rolls formed of S45C and having total widths 
W of 43 mm and outer diameters of 200 mm 0 is set to provide a gap of 0.4 mm. and direct 
rolling is performed under the same conditions and by the same method. 

As a result, the product obtained has a width of 1 3 mm and a gauge at the centre of 0-3 mm and 
at the two edges of 0.36 mm. 

Moreover, with die exception of the very small areas at tbc two edges, virtually die entire surface 
exhibits vertical and horizontal micro cracks of varying Sizes. The depth, of such micro cracks 
are from approximately 50 microns to 100 microns, and hence such stnp is of very little use as a 
finished product. 

Effects of the present invention 

By means of the present invention as described in the foregoing, a pair of rolls which are pro- 
15 vided with recessed annular grooves greater in width than the desired strip was employed, and a 
molten metal consisting of a brittle material such as Fe-Si^Al alloy was directly rolled, whereby 
Strip which was free of cracking and which exhibited uniform gauge across the width of the strip, 
such bong basic preconditions for strip, was obtained, which permitted the manufacture of in- 
dustrially and economically advantageous products from strip which was formed of britde mate- 
20 rials such as Fe-Si-Al alloys which were hitherto relatively difficult to work- 

Moreover, because the present invention allows strip to be obtained directly from molten metal, 
the process for the manufacture of strip from brittle materials such Fe-Si-Al alloy and so forth, 
which hitherto required many complex stages, is greatly simplified, and thus the present inven- 
tion provides significant industrial benefits. 
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Simplified Description of the Diagrams 

Figure 1 » an explanatory diagram of a pair of rolls which possess recessed annular grooves and 
which is employed by the present invention; Figure 2 (a) and (b) ate d.agrams of examples of the 
implementation of such recessed annular grooves; Figure 3 is a cross-secuonal diagram of strip 

5 when the depths of the recessed annular grooves envisaged by the present mvenoon are exces- 
sive; Figure 4 is a partial front elevation of the condition of the stnp when the Width of the an- 
nular grooves in Figure 1 is less than the width of the strip; Figure 5 is an explanatory diagram of 
the rolls w.th annular grooves that are employed in a practical embodiment of the present inven- 
tion; Figure 6 .s an explanatory diagram which shows the sums when molten metal is directly 

10 rolled by means of a pair of rolls, and Figure 7 and Figure 8 (a) and (b) are cross-sectional dia- 
grams of the strip that ts obtained by the direct rolling method of the prior art 
1 ... Roll with annular grove; 2... Recessed annular grove; 3, 3', 3", 3'" . Centres of circles or 
ellipses that form the shapes of the annular grooves; 4,4'... Same - circles or ellipses; 5 . . Strip; 
6 ... Lustrous surface; 7 ... Pool of molten metal; 8 . Nozzle; a . . Two edges of stop; b 

1 5 Centre of strip; d Maximum depth of annular groove; w . . Width of annular groove; W 
Total length of roll !;g ... Gap between two edges of the rolls 1 and 1 
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Figure 3 
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